. Subsequent deprotonation of the B-amino derivative affords the corresponding N-heterocyclic carbene, which has been isolated as yellow crystals. According to singlecrystal x-ray diffraction studies, both the carbene and its conjugate acid precursor have a planar structure, with no pyramidalization of the ring atoms. The structural parameters indicate that the four electrons are mostly distributed over the N-C-N fragment with little involvement of the boron center, and therefore both types of heterocycles escape from antiaromaticity. However, considering the ring strain and the presence of the Lewis acid center, the thermal stability of the carbene (mp 98°C without decomposition) is rather surprising. These results clearly suggest that the backbone of N-heterocyclic carbenes can be modified at will, without preventing their isolation.
C
arbenes are compounds with a neutral, dicoordinate carbon atom with only six electrons in its valence shell. They are fundamentally important species that for a long time were considered as prototypical reactive intermediates, too unstable to isolate under usual experimental conditions (1) . According to structural, thermodynamic, and magnetic criteria, from the populations, ionization potentials, and inner shell electron energy loss spectroscopy, it has been recognized that the first isolated N-heterocyclic carbenes (NHCs), the imidazol-2-ylidenes A (2) benefit from their aromatic character (3) (4) (5) (Fig.  1) . Indeed, in addition to the stabilizing effect of the -donating, -attracting amino substituents, it has been concluded that aromaticity provides an additional stabilization of Ϸ25 kcal͞mol (3) . We have shown that six--electron NHCs B (6) , isoelectronic with borazenes (7), are highly thermally stable. Even more strikingly, the two--electron cyclopropenylidene C is stable enough to be isolated at room temperature (8) , despite the absence of -donor heteroatoms directly bonded to the carbene center, a necessary criterion for previously isolated carbenes (9) (10) (11) (12) (13) (14) .
As recently written by Mo and Schleyer (15) : ''Although aromaticity is a virtual (not directly measurable) quantity, its usefulness as a central chemical concept is undiminished after two centuries.'' Clearly, abnormal energies govern the chemical behavior of (4n ϩ 2) and (4n) -electron-containing conjugated ring systems, which are more and less stable thermodynamically, respectively, than ''they ought to be'' (16) (17) (18) .
At that point, the question was raised: is it possible to isolate formally antiaromatic heterocyclic carbenes? This endeavor requires the preparation of the stable conjugate acid precursors, which would also feature a (4n)--electron system. Following the analogy between borazenes and NHCs of type B, we chose a BNCN skeleton, and here we report the synthesis and single crystal x-ray diffraction study of cationic, planar, cyclic four--electron four-membered heterocycles D and a corresponding NHC E.
Results and Discussion
Treatment of N,N'-2,6-diisopropylphenyl-N-trimethylsilylformamidine with dibromo(diisopropylamino)borane affords quantitatively the acyclic derivative 1a. Halogen exchange with trimethylsilyl trif luoromethane sulfonate, the method of choice to induce ring closure in the case of P-containing four-(F) (19) and B-containing five-membered NHCs (20) (Fig. 2) is an example of a derivative featuring a cationic four--electron four-membered ring. is very short, these structural parameters suggest that heterocycle Da escapes from the destabilizing antiaromatic energy by extensive delocalization over the NCN fragment and little interaction between the endocyclic nitrogen atoms and the boron center; the empty p orbital of the latter is stabilized adequately by the lone pair of the exocyclic nitrogen atom.
To reduce the strong donation of the substituent at boron, and thus to enhance the electron delocalization over the ring system, an analogue of Da was synthesized in which the boron substituent was instead a phenyl group. In the solid state, a single-crystal x-ray diffraction study of Db revealed a structure with substantial similarities to Da (Fig. 3) . Although the endocyclic B-N bonds are slightly shorter, the C-N bond lengths are quite similar to those of Da, because the phenyl ring at boron is coplanar with the four-membered ring and acts as a donor. However, this alteration enhanced the electrophilicity of the endocyclic carbon and boron atoms of Db as shown by the 13 C (194.1 ppm) and 11 B NMR signals (45.7 ppm), which are shifted downfield by 11.4 and 17.7 ppm, respectively, relative to those of Da. In fact, the heterocyclic salt Db appears to be very fragile; it quickly decomposes even in weakly coordinating solvents such as Et 2 O, THF, CH 2 Cl 2 , and CHCl 3 . Attempts to further enhance the interaction between the endocyclic nitrogen and boron centers, using alkyl substituents (methyl, 1,2,2-trimethylpropyl) at boron failed, which clearly shows the limited stability of cationic four--electron heterocycles D.
Then, we turned our attention to the preparation of a NHC of type E. Deprotonation of Da with potassium hexamethyldisilazane in toluene resulted in the formation of a precipitate (Scheme 2). The solid was sparingly soluble in toluene, but a signal at 295.1 ppm was observed in the 13 C NMR spectrum. The poor solubility and the low field chemical shift were indicative of a carbene-potassium complex Ea (24) . Indeed, addition of a potassium complexing agent such as N,N,NЈ,NЈ-tetramethylethylenediamine to the toluene solution of Ea, followed by filtration, evaporation of the solvent, and extraction with hexane gave rise to a light yellow solution. The low field 13 C NMR signal for the free carbene Ea appeared shifted further downfield at 312.6 ppm. It is the most deshielded carbene carbon nucleus of any NHC reported so far (19, 20) . Single crystals of Ea suitable for an x-ray diffraction study were obtained by slow recrystallization from benzene at room temperature (Fig. 4) . Two almost identical but independent molecules were found in the unit cell. Compound Ea has a planar four-membered ring structure (⌺CN 2 B ϭ 359.99°) and shows no pyramidalization of the endocyclic atoms (⌺N1 ϭ 359.97°, ⌺N2 ϭ 360.00°, ⌺B1 ϭ 359.99°). The endocyclic C-N and B-N bonds of Ea are significantly longer (⌬D: 62 pm) and shorter (⌬D: 47 pm), respectively, than in cation Da, which indicates that donation of the nitrogen atoms is better distributed between the electron-deficient carbene and boron centers, than for the corresponding carbocation. Along this line, the exocyclic B-N bond of Ea is elongated by 23 pm compared with that of Da. It should be noted that the N1-C1-N2 angle [94.02 (16) (19) . Although carbene Ea is sensitive to moisture, it is thermally very stable (mp 98°C without decomposition) and can be stored for weeks at room temperature in both solution and the solid state.
Concluding Remarks
Cyclobutadienes and cyclooctatetraenes, both prototypical antiaromatic compounds, escape to some extent from the desta- bilizing energy by adopting a rectangular D 2h geometry and a tub conformation (torsional angle between the double bonds can reach 54°), respectively (25) . In both cases, the geometry minimizes the interaction between the double bonds and reduces the delocalization. For cationic heterocyclic salts Da,b and NHC Ea, the four electrons are not totally delocalized over the four-membered ring but mostly over the NCN fragment, with little involvement of the boron center in the system. Consequently, they are not antiaromatic. However, considering the ring strain and the presence of the Lewis acid center, the thermal stability of NHC Ea is rather surprising. These results clearly suggest that the backbone of NHCs can be modified at will, without preventing their isolation.
The ligand properties of Ea are currently under active investigation, particularly the possibility of 4 coordination as observed for the isoelectronic 1,3,2,4-diazadiboretidines (26-28). N-[bromo(diisopropylamino)boryl]-N,N-bis(2,6-diisopropylphenyl) formamidine 1a. Dibromo(diisopropylamino)borane (29) (6.2 g, 22.9 mmol) was added at Ϫ78°C to a chloroform solution (30 ml) of N,N'-bis (2,6-diisopropylphenyl Using the experimental procedure described for 1a, but with dichlorophenylborane (2.24 g, 14.1 mmol) and N,N'-bis(2,6-diisopropylphenyl)-N-trimethylsilylformamidine (6.09 g, 13.9 mmol), formamidine 1b was prepared as colorless crystals (6.6 g, 97% 4 ] Ϫ (13.9 g, 15.7 mmol), and the solution was stirred vigorously. The top colorless phase was removed, and the lower viscous oily layer was washed with toluene (100 ml). Hexane (30 ml) was added to the oily layer, and colorless crystals were slowly formed. After filtration, the solid was dried under vacuum and Da was obtained as a colorless powder (15. 143.5 (2C), 149.0 (d, J C-F ϭ 238.5 Hz), 194.1, the ipso-carbon bonded to boron was not observed; 11 B NMR (96 MHz, toluened 8 ) ␦ 45.7, Ϫ16.1. C(NDipp)2BN(i-Pr)2 Ea. Toluene (20 ml) was added at Ϫ78°C to a mixture of Da (7.00 g, 6.1 mmol) and potassium hexamethyldisilazane (1.21 g, 6.1 mmol). The reaction mixture was allowed to warm to room temperature and stirred overnight. N,N,NЈ,NЈ-tetramethylethylenediamine (5 ml) was added to the reaction mixture, and the resulting solid was filtered off. After evaporation of the solvent from the filtrate, the residue was extracted with hexane (30 ml). The remaining potassium salt was filtered off, and the solvent was removed under vacuum to afford a yellow powder. Recrystallization from benzene gave Ea as yellow crystals (1.52 g, 53%). mp 98°C; 1 Crystal Structure Determination of Compounds Da, Db, and Ea. A Bruker X8-APEX x-ray diffraction instrument with Mo radiation was used for data collection. All data frames were collected at low temperatures (T ϭ 100 K) using an , -scan mode and integrated with a Bruker SAINTPLUS software package. The intensity data were corrected for Lorentzian polarization. Absorption corrections were performed with the SADABS program. SIR97 (30) was used for direct methods of phase determination, and the Bruker SHELXTL software package was used for structure refinement and difference Fourier maps. Atomic coordinates and isotropic and anisotropic displacement parameters of all of the nonhydrogen atoms were refined by means of a full matrix least-squares procedure on F 2 . All H atoms were included in the refinement in calculated positions riding on the C atoms, with U[iso] fixed at 20% higher than isotropic parameters of carbons atoms to which they are attached. Drawings of molecules were performed by using Ortep 3 (31) .
Materials and Methods
Crystal and structure parameters of Da were: size 0.30 ϫ 0.18 ϫ 0.12 mm 3 ; monoclinic, space group P2 (1)͞c, a ϭ
